Supplementary Notes

Method of TRAM
The full flow chart for the method of TRAM can be found in Supplementary Figure 5 . Here we discuss in more detail each of the steps in the TRAM restoration process.
Energy function
Following the general form of Eq. (2) 
which comprises the first term measuring the difference between the low-resolution observations and predicted high-resolution counterpart and the second term characterizing image structures to regularize the minimization process.
In the second term,
x L represents a patch of 2W+1 pixels centred around x and is a vector comprising intensities of all pixels, i.e., 
The function
L is the h th principal component (PC) score, which is the projection of the patch Lx onto a low-dimensional space using principle component analysis (PCA). PCA has been widely used in computer vision automatic feature extraction from complex data sets 
Given the clustering result in Eq.(3), PC score
f L is estimated for pixel x belonging to each patch group by using PCA as
where V is a matrix whose columns are made by eigenvectors 
where the threshold 
, that is, 
LL , which enhances the effects of large scores.
Energy minimization
We minimize the energy function of Eq. 
where , xh v is the h th eigenvector defined by Eq. (4). We further define a column vector, (7) and (8), we can rewrite the scalar variable of the PC score as
The function E(Il) can then be expressed by using Eq. 
which allows us to directly computer the gradient, , 
The minimization, i.e., 0 ) (
, leads to the following equation,
,, 11 
where the matrices Bk and Qk are given respectively as
We finally rewrite the nonlinear equation Eq. (15) as 
We note that Eq.(17) has more constraint than Eq. (15) since the unknown image Il now must satisfy a set of M equations simultaneously, i.e., satisfy each of the M observations, instead the sum of the M observations. The solution of Eq. (17) will be more likely to get closer to the ground truth than that of Eq. (15).
Algorithm Pipelines
The main steps of MIRLS for solving Eq. (17) noise. There is a good correlation between these images as marked by boxes. Lower row: A zoom area of the DAPI stained nuclei from the CLSM image Fig 4a (left) , two TRAM restored images of the same area with high (middle) and low (right) denoising threshold. The latter reviews more detailed structure of the nuclei.
